Since evaporated samples had lower values for stickiness they were stickier than freeze-dried ones.
INTRODUCTION
Next to aroma and color, texture is an important quality attribute of the foods. In fruits and vegetables, and their products, texture is due primarily to the complex carbohydrates, such as pectic substances, cellulose, hemicellulose, starch, and lignin, and their interactions with other compounds. Understanding the relationship between food texture perception and food structure is of increasing importance for companies wishing to produce texturally attractive food products. [1] Food systems are complex mixtures of carbohydrates, proteins, lipids, a variety of minor components and water. Carbohydrates and proteins in food systems are generally miscible with water and show both first-order phase transitions (e.g., melting and crystallization) and state transitions (e.g., denaturation, gelatinization, and glass transition). [2, 3, 4] All thermal properties of food systems are important in understanding relationships between food properties and changes in food quality.
Starch is, after cellulose, the most common carbohydrate on earth and is widely used for food as well as non-food applications. [5] Physical properties of starch such as pasteviscosity, stability, texture and interaction with other components in complex systems are likely directly determined by the molecular constitution of the polymer. The molecular size, unit chain length distribution, branching pattern, and the degree of phosphate substitution have been demonstrated to exert some important effects on the physical properties of the starch in different studies. High amylose contents restrict swelling and increase gel formation and subsequent irreversible retrogradation. [6, 7, 8, 9, 10, 11] Amylopectin chain length structure [12, 13] and molecular mass, [14] as well as amylose branch pattern and molecular mass distribution, [8, 13, 15] also influence physical properties of the starch.
Addition of different additives has influence on physicochemical properties, aroma, texture, and color and can improve overall quality of food products since they interact with food compounds. The remarkable ability of trehalose to completely protect cryptobiotic plants and animals from desiccation damage can be applied in drying foods on an industrial scale. [16] Trehalose (α,α-trehalose) is a disaccharide formed by α 1,1 linkage of two d-glucose molecules. [16] It is a non-reducing sugar that is not easily hydrolyzed by acid, and the glycosidic bond is not cleaved by α-glucosidase. The molecular formula and weight are C 12 H 22 O 11 and 342.31, respectively. When purified it is usually found in the dihydrate form, which is the typical commercial product. The combination of the molecular structure and physico-chemical properties of trehalose result in a very stable disaccharide. [17, 18] The natural functions, mechanisms of action and technical qualities of trehalose lend themselves to several possible applications in the food, cosmetic and medical industries. [19, 20] Until recently, the major applications of trehalose have been for use in science, medicine and cosmetics. The limiting factor to the generalized use of trehalose in the food industry was cost. [20] With the advent of a new manufacturing process, the cost of production of trehalose was dramatically reduced. This permitted its use in a wide variety of cost sensitive applications, including foods. Trehalose itself is bland, non-toxic dietary sugar, which does not change significantly the flavor of foods to which it is added. An additional benefit of the use of trehalose in food processing is the inhibition of the Maillard reaction between the naturally occurring proteins and sugars in the foodstuffs that are dried. Since the ability of trehalose to preserve biological molecules during drying extends to small molecules such as vitamins, trehalose-dried foods may have a higher nutritional value than foods dried without trehalose. [16] The food industry became interested in extremely gentle drying process as it is freeze-drying since the biological value of the raw materials, their structure, flavor, aroma, and color are maintained by this process. Particularly in the field of the food industry, continuous innovation and process optimization have increasingly revealed more and more new applications for this drying process on an industrial scale. [21] Texture means physical properties of the product that come from its structural elements, which can be perceptible by human senses. [22] Texture is very important property of strawberry pastes, since strawberry pastes are used as fillings for energy bars and other products containing fruits. Among all textural properties hardness and stickiness are the most important ones since they are dictating possibility and way of application on base of main product. Usually strawberry paste is applied by light heated rollers. If strawberry paste is too hard or too sticky it could not be properly applied on base of product. In this work addition of different amounts (3, 5, and 10%) of trehalose on instrumental textural properties of strawberry pastes were investigated. Strawberry pastes were prepared by evaporation (industrial procedure of preparation) and freeze-drying, and influences of those two processes on texture were also compared.
MATERIALS AND METHODS

Raw Materials
Raw materials for strawberry pastes preparation were obtained from Fructal d.d. Ajdovscina, Slovenia. Samples of strawberry pastes were prepared by freeze-drying and evaporation until 76% of total solids were achieved. To study effect of trehalose on instrumental textural properties of evaporated and freeze-dried strawberry pastes, sucrose (3, 5, and 10%) was replaced with the same amount of trehalose.
Sample Preparation
Evaporated samples were prepared by evaporation under the vacuum. Evaporation of samples was conducted with laboratory rotavapor (Büchi Rotavapor R-114, Switzerland) under vacuum (Büchi Vac V-500 and Büchi Vacuum Controller B-721, Switzerland) at 80°C. Rotavapor was equipped with water bath (Büchi Watherbath B-480, Switzerland) which was used for controlling temperature. To achieve 76% of total solids 1 h and 40 min were needed. Measurements were done in triplicate.
Freeze drying of samples was performed in CHRIST Freeze Dryer (GAMMA 2-20, Germany). It required a drying time of the order of 50 h. The following conditions were used: freezing temperature was −20°C, the temperature of sublimation was from −20 to 0°C under the vacuum of 63 Pa and the temperature of isothermal desorption was from 0 to 20°C under the vacuum of 1 Pa.
Instrumental Texture Analysis of Strawberry Pastes
Instrumental texture analysis was performed at the room temperature with a Texture analyzer TA.XTplus (Stable Mycro System, United Kingdom). The data were analyzed using Texture expert Version 1.22 Software (Stable Micro System, United Kingdom). Hardness and texture index were measured using Kramer shear cell (HDPKS5). On the basis of the preliminary work, the instrument parameters were set up with test mode compression, pre-test speed at 10.0 mm/s, test speed at 3.0 mm/s, post-test speed at 10.0 mm/s, distance 48.0 mm, trigger type force, trigger force at 0.04903 N and data acquisition rate at 200 pp. to measure hardness and texture index of the samples. Kramer shear test was conducted on samples in shape of rectangle with dimensions 6 × 8 × 1 cm. The prepared rectangles were frozen for 24 h, then taken out of the freezer, placed across the bottom of a five-blade Kramer shear cell, and left for 1 h at 25°C after which measurements were conducted. The peak force and total area under the force/deformation curve were obtained. Hardness is defined as force, which is necessary for obtaining the precise deformation of the probe and total area under the curve as texture index.
Stickiness and hardness were measured using cylinder probe, radius 1 cm, by penetration test. Instrument parameters were set up with test mode compression, pre-test speed at 2.0 mm/s, test speed at 1.0 mm/s, post-test speed at 10.0 mm/s, target mode distance, distance 6.0 mm, trigger type force, trigger force at 0.00981 N and data acquisition rate at 200 pp. to measure hardness and stickiness of the samples. Stickiness is the work/force necessary to overcome the attractive forces between the surface of the food and the surface of the material (the probe) with which the food comes in contact.
Statistical Analysis
Data of hardness, texture index, and stickiness determination were analyzed by analysis of variance (ANOVA) and Fisher's least significant difference (LSD) with significance defined at P < 0.05. All statistical analyses were carried out using software program STATISTICA 7 (StatSoft, Inc, USA). Results were expressed as means ± standard deviation.
RESULTS AND DISCUSSION
Water Activity
The results of water activity determination of strawberry paste samples are presented in Table 1 . Evaporated and freeze-dried samples have very similar values for water activity when trehalose was not added, 0.610 and 0.605, respectively. In evaporated samples water activity increased with trehalose addition from 0.610 to 0.674, while in freeze-dried samples decreased from 0.605 to 0.542. In both cases, evaporated and freezedried samples, trehalose amount/water activity dependence followed polynomial function with high coefficient of correlation, 0.997 and 0.970, respectively ( Fig. 1 A and B) .
Instrumental Textural Properties of Strawberry Pastes
Texture can be regarded as a manifestation of the rheological properties of a food. [23] It is an important attribute in that it affects processing and handling, [24] influences food habits, and affects shelf-life and consumer acceptance of foods. [25] Characterization of food texture commonly falls into two main groups, based on sensory and instrumental methods of analysis. Sensory analysis includes use of the senses of smell, taste, sound and touch. As would be expected, sensory methods of analysis are subject to wide variability, though this variability can be reduced by using trained assessors. It is sometimes preferable to use instrumental methods of assessing food texture rather than sensory analysis because they can be carried out under more strictly defined and controlled conditions. Furthermore, problems of experimental variability are more likely to be caused by sample heterogeneity than by instrumental imprecision. Another reason for instrumental analysis may be that often changes in ingredient levels cause several simultaneous changes in product characteristics. Some of these changes are difficult to mask and thus tend to make sensory analysis difficult, e.g., variation in cake firmness due to sugar content. Therefore, a main goal of many texture studies is to devise one or more mechanical tests with the capacity to replace human sensory evaluation as a tool to evaluate food texture. [26] Hardness and texture index of strawberry pastes were measured by Kramer shear cell. Values of hardness and texture index significantly decreased with increasing of treha- After comparison of those two investigated processes of preparation, from results it can be seen that freeze-dried samples of strawberry pastes were harder than evaporated samples. This difference in investigated processes, evaporation and freeze-drying, is probably due to different process conditions. Since different heat treatment during processing of raw materials was applied, different reactions of compounds and interactions between compounds occurred. During evaporation gelatinization and after cooling of samples retrogradation of starch occurred, while during freeze-drying those processes did not occur. Gelatinization and retrogradation changes structure of starch and with that structure of sample. With structure change, change of texture is inevitable. From results presented in Table 2 , 3, 4 and 5 also can be seen that freeze-dried strawberry paste without addition of trehalose had significantly higher values for hardness, texture index and stickiness. In freeze-dried samples with addition of trehalose, there was higher decrease of investigated parameters, than in evaporated samples, so it can be concluded that trehalose had more effect on textural properties of freeze-dried samples than on evaporated ones. In Table 4 and 5 results of stickiness and hardness determined by penetration test are presented. Stickiness values were from 0.016 N, when trehalose was Values in the same column with different superscripts (a-d) are significantly different (P < 0.05). Values in the same column with different superscripts (a-d) are significantly different (P < 0.05).
not added, to 0.0102 N, when 10% of trehalose was added, for evaporated samples. For freeze-dried samples values of stickiness were from 0.066 N, when trehalose was not added, to 0.018 N, when 10% of trehalose was added. Decrease of stickiness values means that stickiness of sample was higher, so this means that with an addition of trehalose, stickiness increased in all investigated samples, probably due to interactions between starch and trehalose. Stickiness was more pronounced in evaporated samples probably due to different state (structure) of starch in samples. Hardness of samples, evaporated and freeze-dried, measured by penetration test followed the same tendency as hardness measured with Kramer shear cell. It can be concluded that with addition of trehalose hardness and texture index of freeze-dried and evaporated strawberry pastes decreased and stickiness increased. Wher producing a final product (like energy bars), technologists keepth influence of different concentration of trehalose in mind and choose the one that is a compromise between desired hardness and proper stickiness. Difference in texture of samples with trehalose addition in comparison with samples without trehalose addition in strawberry pastes is probably due to interaction of trehalose with other compounds of pastes.
There are some studies of influence of trehalose on textural properties. Dermesonlouoglou et al. [27] investigated the effects of osmotic pretreatment with alternative osmotic solutes-glucose, a high DE maltodextrin, oligofructose, and trehalose-on the quality and functional properties of frozen tomato tissue. According to their results of sensory tests, the pretreatment of tomatoes with the high DE maltodextrin and the mixture of oligofructose/trehalose before freezing caused the most desirable sensory characteristics (attractive appearance, bright color, good texture and pleasant taste). Fuchigami et al. [28] investigated influence of 0, 2.5 or 5% trehalose on tofu which was pressurized at 100-686 MPa and approximately −20°C for 60 min to determine changes in temperature and sensory evaluation of high-pressure-frozen tofu as affected by trehalose. In the sensory Table 4 Hardness and stickiness of evaporated strawberry pastes measured by penetration test.
Samples
Hardness (N) Stickiness (N)
Without trehalose addition 0.0249 a ± 0.0012 0.0160 a ± 0.0011 Addition of 3 % trehalose 0.0237 a ± 0.0013 0.0143 b ± 0.0013 Addition of 5 % trehalose 0.0222 b ± 0.0019 0.0136 b ± 0.0012 Addition of 10 % trehalose 0.0150 c ± 0.0011 0.0102 c ± 0.0010 a,b,c,d
Values in the same column with different superscripts (a-d) are significantly different (P < 0.05). evaluation, results showed that mouth feel (texture) of tofu frozen at 400 MPa was more like the control when 2.5% trehalose was added.
Hardness values, texture index, and stickiness of evaporated and freeze-dried samples measured by the TA.XTplus texture analyzer were correlated with the trehalose addition to. Texture index/trehalose amount dependence, hardness/trehalose amount dependence of freeze-dried and evaporated samples and stickiness/trehalose amount dependence of evaporated samples ( Fig. 1 C, D, E , F, and G) had linear dependences with high coefficient of correlation, 0.969, 0.973, 0.984, 0.975 and 0.989, respectively. Stickiness/trehalose amount dependence of freeze-dried samples followed polynomial function with coefficient of correlation of 0.967 (Fig. 1H ). Texture index/hardness dependence of all investigated samples showed linear dependence with very high coefficient of correlation, 0.9998 and 0.990, respectively ( Fig. 2 A and B) . Hardness values, texture index and stickiness were correlated with water activity obtained after preparation of samples by evaporation and freeze-drying. Hardness/water activity dependence and texture index/water activity dependence of freeze-dried samples were linear dependences with very high correlation coefficient, 0.993 and 0.990, respectively, ( Fig. 3 B and D) while for evaporated samples followed polynomial function with high correlation coefficient, 0.975 and 0.988, respectively ( Fig. 3 A and C) . Stickiness/water activity dependence of freeze-dried and evaporated samples followed polynomial function with high correlation coefficient, 0.9996 and 0.9997, respectively ( Fig. 3 E and F) .
CONCLUSIONS
There are studies about influence of trehalose on quality properties of food products and those influences are in most cases positive. There was high impact of trehalose addition on textural properties of evaporated and freeze-dried strawberry pastes. Samples prepared without trehalose were harder and less sticky than samples prepared with trehalose addition. Evaporated samples were less hard and stickier than freezedried samples. Differences that occurred between investigated samples prepared by different processes, evaporation and freeze drying, were probably due to interactions between starch and trehalose forming special complex which influence the texture of strawberry pastes. When samples were prepared by evaporation the best results were obtained with addition of lower amount, 3 and 5%, of trehalose because stickiness of the samples wasn't so pronounced so its application on the base of final product wouldn't be difficult. For freeze-dried samples the best results were obtained with 10% of trehalose because with lower amounts of trehalose or without trehalose addition samples were too hard and it would be a problem to apply it on the base of the finale product.
